MULT I -PHASE -LOCKED LOOP FOR DATA RECOVERY 



FIELD OF THE INVENTION 
The present invention relates generally to a 
phase-locked loop for data recovery, and more 
particularly, to a multi-phase-locked loop that utilizes 
a multi-phase clock signal generated by a multi-phase 
voltage controlled oscillator (VCO) to detect received 
data . 

BACKGROUND. OF THE INVENTION 
Due to the development of the network transmission 
technology as well as the demands in the installed base 
of computer networks, the network data transmission rate 
in hardware environment has been increased. Therefore, 
it becomes more and more important to recover data (clock 

signals) correctly. 

• At present, while data (clock) recovery is to be 
performed, a phase-locked loop is often utilized.^ 
During the data recovery process, usually the received 
data could be correctly recovered (read) by using a phase 
detector to synchronize the received data and recover the 
clock. In other words, the phase detector plays a very 
important role whether the data could be correctly 
recovered by a phase-locked loop. 

FIG. 1 illustrates a prior art phase-locked loop for 
data recovery comprising a phase detector 11, a charge 
pump 12, a loop filter 13, and a voltage controlled 
oscillator 14. The phase detector 11 is used to receive 
a data (clock) signal from outside as well as a feedback 
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clock signal CK WGO from the voltage controlled oscillator 
14. The phase detector 11 compares the two signals, in 
accordance with their phase difference 0 S ( 6 e = 0 dat a _ 6 
dock) / a control signal up or dn will be output to control 

5 the charge pump 12. As shown in FIG. 2(a), when the 
transition edge of the data (clock) signal data leads the 
falling edge of the feedback clock signal CK^,,, the phase 
detector outputs an up signal. On the other hand, as. 
shown in FIG. 2(b) , when the transition edge of the data 

10 (clock) signal data lags behind the falling edge of the 
feedback clock signal CK, co , the phase detector 11 outputs 
a dn signal.. The charge pump 12 is controlled by the up 
and dn control signals output from the phase detector 11 
to perform charge/discharge operations, and generates a 

15 voltage signal Vd. The loop filter 13 receives the 

voltage signal Vd and generates an appropriate voltage 
Vc for controlling the voltage controlled oscillator 14. 
The voltage controlled oscillator 14 receives the voltage 
Vc and generates a clock signal CK^ to be input to the 

20 phase detector 11. 

As shown in FIG. 3, the phase detector 11 of the phase 
locked loop 1 is constituted by four flip-flops 111, 112, 
113,114, and two OR gates 115, 116. The flip-flops 111 
and 112 receive the complement of data from outside 

25 (denoted by data ) and the data itself (denoted by data) , 
respectively. The clock signal CK vco from the voltage 
controlled oscillator 14 is applied to the inversion 
reset terminals (rb) of the flip-flops 111 and 112 such 
that two control signals upl and up2 are generated, 

30 respectively. The flip-flops 113 and 114 receive the 
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complement of data from outside (denoted by data ) and the 
data itself (denoted by data) , respectively. The 
complement of the clock signal CK vco (denoted by CK vco ) from 
the voltage controlled oscillator 14 is applied to the 
inversion reset terminals (rb) of the flip-flops 113 and 
114 such that two control signals dnl and dn2 are 
generated, respectively. According to the two signals 
up 2 and up 2 , the OR gate 115 generates a control signal 
up for controlling the charge pump 12 (refer to FIG. 2 
(a) ) . Similarly, the OR gate 116 generates a control 
signal dn for controlling the charge pump 12 according 
to the two signals dn 2 and dn 2 (refer to FIG . 2 (b) ) . 

Referring to FIG . 1, the voltage Vd is substantially 
controlled by the signals {up, dn) . In other words, the 
variation of the control voltage Vd is related to the 
phase error 0 e . FIG. 4 illustrates the relation between 
the variation of Vd and the phase error 0 e . As shown in 
FIG. 4, when the data signal data has a phase lagging 
behind the clock signal CK vco , the smaller the phase error 
0 is, the more the voltage Vd varies. Therefore, phase 
error 0 ^ is theoretically supposed to approximate to zero 
and closely moves around the origin when the phase-locked 
loop is going to enter a phase-locked state. However, 
due to the "above phenomenon, " when the data signal data 
of the phase-locked loop has a phase lagging behind the 
clock signal CK vco , an obvious variation of Vd will be 
generated, which leads to clock jitter. And, the 
tolerance for data random j itter becomes worse . In other 
words, it is difficult to reduce the clock jitter for 
conventional phase-locked loops, large data random 
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jitter is thus unaccepted. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a multi-phase-locked loop without dead zone, 
which can reduce clock jitter and provide higher 
tolerance for data random jitter. 

Another object of the present invention is to provide 
a multi-phase-locked loop without static phase error. 

The present invention is characterized by a 
multi-phase-locked loop which can generate a plurality 
of multi-phase clock signals by a multi-phase voltage 
controlled oscillater to detect the transition edge of 
the data signal data. Accordingly, multiple sets of 
control signals (up k /dn k ) are generated. Therefore, 
phase error 6> e and voltage Vd of the multi-phase-locked 
loop can be adjusted to be nearly linear according to the 
output control signals. This prevents the multi- 
phase-locked loop from having dead zone. Furthermore, 
the clock jitter can be reduced and provide greater 
tolerance for data random jitter. 

To achieve the aforementioned object, a multi- 
phase-locked loop for data recovery in accordance with 
the invention includes a phase detector, a charge pump, 
a loop filter and a voltage controlled oscillator (VCO) . 

The phase detector is constituted by N phase detection 
units (U x , U 2 , U N , N is even, N ^4). The phase 

detection units are connected in cascade configuration, 
and each of the phase detection unit contains a data 
signal input terminal for receiving the data signal from 



outside; a clock signal input terminal for receiving the 
multi-phase clock signals (CK lf CK 2 , . . . , CK N ) from outside; 
a delay signal input terminal for receiving the delay 
signal output from another phase detection unit; a delay 
signal output terminal for outputting the delay signal; 
and a charge/discharge control signal output terminal for 
outputting charge/discharge control signals. Each 
phase detection unit generates a delay signal (D 17 D 2 , . . . , 
D N ) according to the input data signal and the complement 
of the multi-phase clock signal. 

The delay signal (D j+1 ) generated by the (j + l) th phase 
detection unit is applied to the j th phase detection unit 
via the j rjl delay signal input terminal. The delay signal 
(D x ) generated by the first phase detection unit (UJ is 
applied to the N th phase detection unit (U N ) via the N th 
delay signal input terminal. In addition, the j th phase 

detection unit (Uj 7 l^j^Nvj is an integer) generates 
control signals (dn^ dn 2/ . . . , dn N/2 , up N/2 ,..., up 2 ) for 
the charge/discharge operations according to the delay 
signal (D^) from the j th phase detection unit, the delay 
signal (D j + 1 ) from the (j + l) tl . phase detection unit, and 
the multi-phase clock signal (CKj) which is applied to 
the j,^ phase detection unit. However, the N th phase 
detection unit (U N ) generates a charge control signal (upj 
according to the delay signal (D N ) from the N th phase 
detection unit, the delay signal (D x ) from the first phase 
detection unit, and the multi-phase clock signal (CK N ) 
which is applied to the N th phase detection unit. 

The charge pump is constituted by N/2 charge and 
discharge units (CP lf CP 2 , . .'. , CP N/2 ) , wherein the k th (1 
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<;k^N/2) charge and discharge unit (CPJ receives the k th 
charge/discharge control signal (up k /dn k ) from the above 
mentioned phase detector and generates a 
charge/discharge current Ich k/ which equals to (w k Xup k 
- w k Xdn k )Iss, wherein w k is a weighting value; Iss is a 
fixed current value; and w x <w 2 < . . . <w N/2 . The total 
charge/discharge current (Ich) output from the charge 

pump equals to Ich x + Ich 2 + ... Ich k + .,..+ Ich N/2 . 

The VCO described above is a multi-phase VCO, it 
outputs N multi-phase clock signals (CK X , CK 2 ..., CK N ) . 
These signals are applied to the phase detectors 
described above, respectively. 

Under the circumstance described above, the phase 
difference between CK j+1 and CK, is 2 7T/N. 

The multi-phase clock signal (CK j+1 ) which is applied 
to the {j + Dth phase detection unit (U j+1 ) and the 
multi-phase clock signal (CKj) which is applied to the j r _ h 
phase detection unit (Uj) . In accordance with the 
invention, the relation between the phase error 6 e and 
the voltage Vd of the phase-locked loop can be adjusted 
to be nearly linear by employing these control signals. 
Therefore, a phase-locked loop without dead zone can be 
derived, which can reduce clock jitter and enhance the 
tolerance for data random jitter: 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects and the features and 
effects of the present invention can be best understood 
by referring to the following detailed descriptions of 
the preferred embodiment and the accompanying drawings, 
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in which: 

FIG. 1 is a block diagram showing a prior art 
phase-locked loop for data recovery; 

FIG. 2 (a) is a clock diagram showing the control 
signal (up) generated by a prior art phase detector when 
the transition edge of" the data signal data leads the 
falling edge of the clock signal CK vco ; 

FIG. 2 (b) is a clock diagram showing the control 
signal (dn) generated by a prior art phase detector when 
the transition edge of the data signal data lags behind 
the falling edge of the clock signal CK vco ; 

FIG. 3 depicts a circuit of a prior art phase detector; 
FIG. 4 depicts the relation between the phase error 
6 e and voltage Vd by using a prior art phase detector; 

FIG. 5 is a block diagram showing a multi-phase-locked 
loop in accordance with the present invention; 

FIG. 6 is a block diagram showing a phase detector 
in accordance with the present invention; 

FIG. 7 is a detailed circuit showing a phase detector 
in accordance with the present invention; 

FIG. 8 is a detailed circuit showing, a charge pump 
in accordance with the present invention; 

FIG. 9 is a state diagram showing the signals of data 
signal data employed in the multi-phase-locked loop, the 
multi-phase clock signals (CK ir CK 2/ . . . , CK 10 ) , and the 
charge/discharge control signals (up k /dn k ) used in the 

present invention; and 

FIG. 10 depicts the relation between the phase error 
G and voltage Vd in the multi-phase-locked loop in 

accordance with the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Before describing the preferred embodiment in 
accordance with the invention, it should be made clear 
that the loop filter in the multi-phase-locked loop of 
the invention are similar to that of the prior art and 
will not be explained here. 

Firstly, referring to FIG. 5, the multi-phase-locked 
loop for data recovery in accordance with the invention 
includes: a phase detector 21, a charge pump22, a loop 
filter 23, and a multi-phase VCO 24. 

As illustrated in FIG. 6, the phase detector 21 is 
constituted by N phase detection units U 2 , . . . , U N ) , 

wherein N is even and N^4. The phase detection units 
(u u 2 ,..., U N ) are connected in cascade configuration, 
and each phase detection unit contains: a data signal 
input terminal 61 for receiving a data signal from outside; 
a" clock signal input terminal 62 for receiving multi- 
phase clock signals (CK X , CK 2 , . . . , CK N ) from outside; a 
delay signal input terminal 63- for receiving the output 
delay signal from another phase detection unit; a delay 
signal output terminal 64 for outputting a elay signal; 
and a charge/discharge control signal output terminal 65 
for outputting charge/discharge"" control "signal . 

Each phase detection unit (Ui,U 2 . ..U„) generates a 
delay signal (D lf D 2 , D N ) according to the data signal 

data applied to the phase detection unit, and the 
complement of the multi-phase clock signals (CK^ CK 2 , . . . , 
CK N ) . Moreover, the delay signal (D j+1 ) generated by the 
(j + Du, phase detection unit(U J+1 ) is applied to the j th 
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phase detection unit (U,) via the delay signal input 
terminal 63 in the j th phase detection unit(Uj) . And the 
delay signal (D x ) generated by the first phase detection 
unit(U 1 ) is applied to the N th phase detection unit <U„) 
via the delay signal input terminal 63 in the N th phase 

detection unit (U N ) . 

The j th phase detection unit (U 3 , l^j<N, j is a positive 

integer) generates charge/discharge control signals (dn r , 

dn 2 , dn N/2 , up N/2 up 2 ) according to the delay signal 

( Dj ) from the j th phase detect ion unit (U,) , the delay signal 
(D 1+l ) from the (j + 1) th phase detection unit (U j+1 ) , and the 
multi-phase clock signal (CK^ which is applied to the j th 
phase detection unit^) . The N th phase detection unit 
generates a charge control signal (u Pj ) according to the 
delay signal (D n ) from the N th phase detection unit (IV,, 
the delay signal (D x ) from the first phase detection 
unit(U : ) , and the multi-phase clock signal (CK N ) which is 
applied to the N th phase detection unit (U N ) . 

As described above, the multi-phase clock signal (CK j+1 ) 
is applied to the, (j + D th phase detection unit (U j+1 ) and 
the multi-phase clock signal (CKJ is applied to the 
phase detection unit (U 3 ) . The phase difference between 
the two signals is 2tt/N. Moreover, as described above, 
the plurality of multi-phase clock signals (CK^ CK 2 , . . . , 
CK N ) are generated by the VCO 24. 

Furthermore, FIG. 7 is utilized to illustrate the 
detailed circuit of phase detector 21 in accordance with 
the invention. As shown in FIG. 7, each phase detection 
unit (Ui, U 2 , . . . , U N ) of the phase detector 21 in accordance 
with the invention includes: an inverter 211, a first 



flip-flop 212, an exclusive OR gate 213, and a second 
flip-flop 214. The inverter 211 inverts the multi-phase 
clock signals (CK X , CK 2 , . . ., CK N ) before these signals are 
applied to each first flip-flop 212, respectively. Each 
of the first flip-flops 212 generates a delay signal D, 
(l^i^N) according to the above mentioned data signal 
data, and the multi-phase clock signal which has been 
inverted by the inverter 2. The delay signal (D,) from 
the first flip-flop 212 and the delay signal (D j+1 ) from 
the first flip-flop 212 in next phase detection unit, are 
both applied to the exclusive OR gate 213. The second 
flip-flop 214 generates charge/discharge control signals 
(dn,, dn 2 , dn v/2 , up W2 , . . . , up 2 ) according to the above 

mentioned multi-phase clock signal and the signal output 
from the exclusive OR gate. 

It should be mentioned that the charge control signal 
(up,) is generated by the .second flip-flop 214 of the N th 
phase detection unit (U N ) , which is based on the above 
described multi-phase clock signal (CK N ) and the output 
signal from its exclusive OR gate 213 . The input signals 
of the exclusive OR gate 213 of the N th phase detection 
unit (U„) are the delay signal (DJ from the first phase 
detection unit (UJ and the delay signal (D N ) from itself. 
In addition, the first flip-flop and the second flip- 
flop are both D flip-flops in this embodiment. 

As shown in FIG. 8, the charge pump 22 is constituted 
by N/2 charge and discharge units (CP^ CP 2 , .../ CP N/2 ) . 
The k th charge and discharge unit CP k receives 
the ku, charge/discharge control signal (up* • dn k ) output 
from the phase detector 21 and generates a 
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charge/discharge current Ich k according to the received 
signal. The charge/discharge current Ich k is determined 
by: (w k xup k -w k xdn k ) Iss, wherein is a weighting value, Iss 
is a fixed current value, and W!<w 2 <. . .<w N/2 . Therefore, 
the total charge/discharge current (Ich) output from 
charge pump 22 is: 

Ich = Ich 1 +Ich 2 + . . . Ich k + . . . +Ich N/2 

In other words, the total charge/discharge current 
(Ich) is: 

Ich = { [w 1 xup 1 +w 2 *up 2 + . . . +w N/2 xup N/2 j - 

[w 1 *dn 1 +w 2 xdn 2 + . . .+w N/2 xdn N/2 ] }Iss 

A exemplified configuration of the multi-phase- 
locked loop is depicted below to further explain the 
method of using a couple of multi-phase clock signals. 

[EXEMPLIFIED CONFIGURATION] 

Firstly it should be mentioned here, the preferred 
embodiment recited below includes ten phase detection 
units (U lf U 2 , U 10 ) in the phase detector 21. 

Secondly, referring to FIG. 7, when the data signal 
data and the multi-phase clock signal (CK X , CK 2 , . . . , CK 10 ) 
shown in FIG. 9 are applied to each phase detection unit 
<U W U 2 , U 10 ), the first flip-flop 212 of the first 

phase detection unit (UJ outputs a delay signal (D x ) ; 
the first flip-flop 212 of the second phase detection unit 
(U 2 ) outputs a delay signal (D 2 ) ; . . . etc . 

As described above, the delay signal (DJ generated 
by the first phase detection unit (UJ as well as the delay 
signal (D 2 ) generated by the second phase detection unit 
(U 2 ) cooperatively generate an output signal (Di©D2) via 



11 



the exclusive OR gate 213 in the first phase detection 
unit (UJ . Similarly, the delay signal (D 2 ) generated by 
the second phase detection unit (U 2 ) as well as the delay 
signal (D 3 ) generated by the third phase detection unit 
(U 3 ) cooperatively generate an output signal (D20D3) via 
the exclusive OR gate 213 in the second phase detection 
unit (U 2 ) . However, the delay signal (D 10 ) generated by 
the tenth phase detection unit (U 10 ) as well as the delay 
signal (D x ) generated by the first phase detection unit 
(Ui) cooperatively generate an output signal (D^Di) via 
the exclusive OR gate 213 in the tenth phase detection 

unit (U 10 ) . 

As described in the preceding paragraph, the second 
flip-flop 214 of the first phase detection unit (UJ 
generates a discharge control signal (dnj according to 
the multi-phase clock signal (CK^ and the output signal 
(D 1 ®'D 2 ) from the exclusive OR gate 213. Similarly, the 
second flip-flop 214 of the second phase detection unit 
(U 2 ) generates a discharge control signal (dn 2 ) according 
to the multi-phase clock signal (CK 2 ) and the output 
signal (D 2 ©D 3 ) from the exclusive OR gate 213 . Similarly 
as above, the third to fifth phase detection units (U 3 ~U 5 ) 
generates a discharge control signal (dn 3 ~dn 5 ) , 
respectively. Furthermore, the sixth to ninth phase 
detection units (U 6 ~U 9 ) generates a charge control signal 
(up 5 ~up 2 ) . The second flip-flop 214 of the tenth phase 
detection unit (U 10 ) generates a charge control signal 
(upj according to the multi-phase clock signal (CK 10 ) and 
the output signal from the exclusive OR gate 213. It 
should be mentioned here, due to the phase difference 
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between two consecutive multi-phase clock signals of (CK ir 
CK 2 , . . ./ CK 10 ) being 2it/10, the phase detection unit (U w 
U 2 , . . . , U 10 ) of the phase detector 21 respectively generate 
five discharge control signals (dn 2 • dn 2 « dn 3 • dn 4 - dn 5 ) and 
five charge control signals (up, • up 2 • up-, * up< * up 5 ) in this 
preferred embodiment. 

Referring to FIG. 8, the phase detector 21 in this 
preferred embodiment includes ten phase detection units 
(U t , U 2 , . • ., U 10 ) , the charge pump 22 contains five charge 
and discharge units (CP lf CP 2 , CP S ) . At this time, 

the charge/discharge control signals (upj/d^ • up 2 /dn 2 * 
up 3 /dn 3 • up 4 /dn 4 - up 5 /dn s ) output from the phase detector 

21 are respectively applied to the charge and discharge 
units (CP,, CP £ , . . . , CP S ) . If Ich (t) represents the total 
charge/discharge current of charge pump 22 at time t, Iss 
represents a fixed current value, and w x ~w 5 represent the 
weighting value of each charge and discharge unit, 
wherein w 1 <w 2 <w 3 <w 4 <w 5 , then, 

I= h (t) = 

{ [ WiXup, ( t ) +w 2 xup 2 ( t ) +w 3 xup 3 ( t ) +w 4 xup 4 ( t ) +w ? xup 5 ( t ) ] - 
[ WiXdn, ( t ) + w 2 xdn 2 ( t ) +w 3 xdn 3 ( t ) +w 4 xdn 4 ( t ) +w 5 xdn 5 ( t ) ] } I s s 

Consequently, it is obvious that the total 
charge/discharge current Ich output from the charge pump 

22 displays a nearly linear variation in the multi- 
phase-locked loop of this preferred embodiment. 
Therefore, the phase error 0 e and the voltage Vd in the 
multi-phase-locked loop in accordance with the invention 
can be adjusted to be nearly linear (as shown in FIG. 10) 
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according to those control signals. 

To sum up, there are some advantages in the 
multi-phase-locked loop in accordance with the invention, 
which are listed as follows: 

1. From FIG - 10, it can be understood that there is no dead 
zone in the multi-phase-locked loop in accordance with 
the invention because all the up/dn are kept as a fixed 
time period. Therefore, enough long signals (up or dn) 
can be generated even the phase error 0 e is very small. 

2. Due to the linear relation between Vd and 6 e , a sudden 
voltage variation can be avoided. The condition 
illustrated in FIG. 4 can thus be prevented, and smaller 
recovering clock jitter can be acquired as well. 

3. Larger tolerance for data random jitter can also be 
derived because lower recovering clock jitter can be 
acquired by the phase detector in accordance with the 
invention. ° 

4. When the conventional phase detector 11 as illustrated 
in FIG. 1 is used to recover the data, another flip-flop 
needs to be incorporated to read the data in a steady 
locked phase. Therefore, the problems such as device 
coupling, parasitic capacitance and delay effects cannot 
be avoided, which is called static phase error. On the 
other hand, it is unnecessary to add another flip-flop 
to read the data in a steady locked phase by using CK 6 
to recover (read) data directly in the phase detector 
according to the invention to get the best recovered data 
(D 6 , not shown in the figure) . 

The- exemplified configuration and the preferred 
embodiment described in the description are 'only 
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illustrative and are not to be construed as limiting the 
invention. Various modifications and applications can 
be made without departing from the true spirit and scope 
of the invention as defined by the appended claims. 
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